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Abstract
The objective of the research was to improve the diagnostics and treatment of patients with primary varicose
great saphenous veins by studying their frequency and systematizing the variants of localization and extension
of great saphenous vein hypoplasia and aplasia in its trunk.
Materials and Methods. The study included 560 patients with varicose veins of the lower limbs and pathological
refluxes in different segments of the great saphenous vein. All the patients underwent triplex ultrasound scan of
the lower limb venous system.
Results. Among the patients with pathological reflux in a certain GSV segment, hypo- and aplasia of its
segments were observed in 32.5% of the cases (95% CI 28.6-36.6%). Aplasia of this vein was observed twice as
less frequently than hypoplasia (p<0.05). In 2.3% of the cases (95% CI 1.2-3.9%), hypoplasia of a certain GSV
segment evolved to aplasia, or vice versa. It was found that the GSV trunk may have several hypo- or aplastic
regions separated by its normal or varicose segment – bi-level hypo- or aplasia that was observed in 3.8% of
the patients with hypo- or aplasia (95% CI 1.6-7.8%). In bi-level hypo- or aplasia, 2 hypoplastic regions were
detected in 85.7% of the cases (95% CI 42.1-99.6%) and 2 aplastic regions were found in 14.3% of the cases
(95% CI 0.4-57.9%). There were proposed to distinguish the following variants of GSV hypo- and aplasia: 1)
simple: total, proximal, segmental and distal; 2) bi-level: proximal segmental, distal segmental and bi-segmental.
In addition, for every dysplastic vein segment, the type of malformation should be indicated, namely hypoplasia,
aplasia, or hypo/aplasia.
Conclusions. The study conducted allowed assessing the relationship between the variants of GSV hypo- and
aplastic segment localization and extension and different variations of pathological refluxes of the GSV in its
trunk for further choice of surgical tactics.
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Problem statement and analysis of
the latest research
According to the theory of the angioguiding nerves,
the formation of the venous anatomy of the lower
limbs is induced by three embryonic nerves, namely
the sciatic (axial) nerve running along the central
axis of the limb, the ventrally located pre-axial (or
femoral) nerve and the dorsally located post-axial
nerve that later becomes the posterior cutaneous
nerve of the thigh [1]. The axial venous plexus
becomes the sural nerve and the trunk of the small
saphenous vein (SSV), the post-axial plexus forms
its cranial extension, and the pre-axial plexus gives
rise to the femoral vein and the great saphenous vein
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(GSV). There are venous malformations depending
on the abnormal development of the axial, pre-axial
and post-axial venous plexus.
The venous malformations of the superficial ve-
nous system are mainly caused by an abnormal de-
velopment of the pre-axial and post-axial plexuses.
The venous malformations of the post-axial plexus
involve the SSV, while the venous malformations of
the pre-axial plexus include: 1) (complete or partial)
GSV trunk duplication; 2) aplasia or hypoplasia of
the GSV segments; 3) isolated anterior accessory
GSV reflux in the common femoral vein [2]. The
most common venous malformations of the super-
ficial venous system are aplasia or hypoplasia of
the GSV that affect 12-39.9% of the general popu-
lation [3, 4, 5].
According to the international terminology in
modern phlebology, aplasia and hypoplasia are de-
fined as the incomplete development of a vein or a
segment of a vein. In aplasia, in contrast to agene-
sis, the vein is present; however, it is diminutive in
size and its structure is like that in the embryo. It is
impossible to detect the vein when using ultrasound
scan. In hypoplasia, the vein is visualized during
ultrasound scan; however, its caliber is ≤50% of
normal values [6]. GSV hypoplasia is diagnosed
when its caliber is <2.5 mm [7].
Hypoplasia and aplasia of the GSV are most
commonly unilateral [8] and affect both the right
limb and the left limb equally [9]. Most of them are
segmental involving one segment of the GSV only.
In this case, the blood flows through the suprafas-
cial branch of the GSV (the superficial, anterior or
posterior accessory GSV) that connects the start
and end points of its hypoplastic or aplastic seg-
ments. However, there was evidence for hypoplasia
of the GSV extending to the inguinal area [10]. The
incidence rate of such hypoplasia localization is
2.4% [3].
In most cases, hypoplasia and aplasia of the
GSV are found in the upper calf or the lower thigh
(92.8%) [8]. However, other localizations are possi-
ble.
Hypo- and aplasia of the GSV cause no symp-
toms and are not visible. At the same time, there
is convincing evidence that the patients with vari-
cose veins develop hypo- and aplasia of the GSV
more often than those without this pathology [14].
The individuals with hypo- and aplasia of the GSV
develop varicose veins more often since the super-
ficial vein that connects the start and end points of
its hypoplastic or aplastic segments (the superficial,
anterior or posterior accessory GSV) has much thin-
ner wall and a weaker muscular layer in comparison
with the GSV and is surrounded exclusively by sub-
cutaneous fatty tissue without supporting structures
such as the saphenous fascia, that can prevent its
dilation [4, 5].
Hypoplasia and aplasia of the GSV increase
the risk of varicose GSV, as well as contribute to
changes in the pathways of pathological refluxes.
Therefore, the effect of these dysplastic changes on
the development and progression of varicose veins
is undeniable. Despite this, a number of important
issues regarding the role of hypoplasia and apla-
sia of the GSV in the development of this disease
remain unresolved; a comprehensive and simple
systematization of the variants of localization and
extension of GSV hypoplasia and aplasia and their
relationship with various variants of pathological
reflux spread in case of varicose veins for the choice
of therapeutic tactics are among them.
The objective of the research was to improve
the diagnostics and treatment of patients with pri-
mary varicose GSV by studying their frequency
and systematizing the variants of localization and
extension of GSV hypo- and aplasia in its trunk.
1. Materials and Methods
The study included 560 patients with varicose veins
of the lower limbs. There were 403 (72.0%) females
and 157 (28.0%) males. The patients’ age ranged
from 18 to 83 years. The average patients’ age was
49.6 years.
The presence of varicose veins (C2-C6 clinical
classes according to the Clinical Etiology Anatomy
Pathophysiology (CEAP) classification [15]) with
pathological refluxes in any GSV segment served
as a criterion for inclusion of patients in the study.
The saphenofemoral reflux was diagnosed in 527
(94.1%) patients; in 33 (5.9%) patients, reflux was
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localized only in the larger or smaller GSV segment
without involving the area of its origin. Exclusion
criteria included the presence of post-thrombotic
syndrome, venous or arteriovenous angiodysplasias
and acquired arteriovenous fistulas.
According to the CEAP C classification, the
structure of the limbs was as follows: C2 clini-
cal class – 75 (13.4%) limbs; C3 clinical class –
254 (45.4%) limbs; C4a clinical class – 90 (16.1%)
limbs; C4b clinical class – 87 (15.4%) limbs; C5
clinical class – 39 (7.0%) limbs; C6 clinical class –
15 (2.7%) limbs.
All the patients underwent triplex ultrasound
scan of the lower limb venous system by means of
the GE Healthcare LOGIQ e ultrasound machine
(GE Healthcare, UK) and TOSHIBA ffa-580a/f7
ultrasound machine (TOSHIBA, Japan) using lin-
ear transducers with a frequency range of 4.0 -
10.0 MHz and convex transducers with a frequency
range of 2.0 - 5.5 MHz. The survey methodology
recommended by the international consensus docu-
ments was used [16, 17].
The study was carried out in compliance with
the World Medical Association (WMA) Declaration
of Helsinki Ethical Principles for Medical Research
Involving Humans (1974), adapted at the 41st WMA
General Assembly in Hong Kong (1989) and Ethi-
cal Principles and Guidelines for the Protection of
Human Subjects of Research – the Belmont Report
(April 18, 1979). The compliance with bioethical
standards in a scientific study was confirmed by
the expert opinion of the Ethics Committee in the
Ivano-Frankivsk National Medical University.
For statistical data analysis, a database was cre-
ated in Microsoft Excel 2013 (Microsoft, USA),
installed due to cloud-based subscription of our uni-
versity to Office 365. For statistical computing, a
free software environment R (R Foundation for Sta-
tistical Computing, Vienna, Austria) was used [18].
The frequency of qualitative indicators was pre-
sented in absolute frequencies (n) and relative fre-
quencies (%), indicating the 95% confidence inter-
val (CI) as ”n (95% CI) ” if necessary. The ex-
act CI was calculated using the R software. The
comparison of two groups by a qualitative binary
indicator was carried out using the Fisher’s exact
test. When testing statistical hypotheses, the critical
significance level (p) equaled 0.05.
2. Results
Out of 560 limbs with varicose GSV, 182 limbs
developed hypo- and aplasia of the GSV segments,
namely in 32.5% of the cases (95% CI 28.6-36.6%):
hypoplasia was observed in 114 (20.4%; 95% CI
17.1-23.9%) cases; aplasia was found in 55 (9.8%;
95% CI 7.5-12.6%) cases; hypoplasia of one seg-
ment alongside with aplasia of other segment (hy-
poplasia/aplasia) were detected in 13 (2.3%; 95%
CI 1.2-3.9%) cases.
Hypo- or aplasia of the whole GSV segment
(from 5 cm to along its entire length) was detected
in 175 (96.2%) out of 182 limbs, while hypo- or
aplasia of two segments separated by a healthy or
varicose section of GSV was detected in 7 (3.8%)
cases only. Out of 175 limbs with hypo- and/or apla-
sia of the whole GSV trunk segment, 109 (61.7%;
95% CI 54.1-68.9%) limbs developed only hypopla-
sia of this segment; 54 (30.9%; 95% CI 24.1-38.3%)
limbs developed only aplasia that was significantly
less frequently (p<0.001); 13 (7.4%; 95% CI 4.0-
12.4 %) limbs developed hypoplasia of a certain
part of this segment and aplasia of its other part
(significantly less frequently than both hypoplasia
and aplasia; both p<0.001).
The variants of hypo- and aplasia of the GSV we
detected did not fit into any classification we knew;
therefore, we developed an own systematization of
these variants.
In 23 (21.3%; 95% CI 14.0-30.2%) out of 108
limbs with hypoplasia of one GSV segment, it ex-
tended from the origin of this vein near the medial
malleolus to a certain level, but not proximally to
the pre-terminal valve, namely: in 4 cases, it ex-
tended to the level of the knee bend; in 4 cases, hy-
poplasia extended to the junction of the lower and
middle thirds of the thigh; in 4 cases, it extended
to the junction of the middle and upper thirds of
the thigh; in 9 cases, hypoplasia extended to the
pre-terminal valve without affecting only the area
of the GSV origin. Such variant of localization was
defined as distal hypoplasia (Fig. 1d).
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Figure 1. Schematic presentation of the variants of hypoplastic GSV segment localization in the
presence of 1 hypoplastic segment (the arrows indicate the direction of blood flow): a) norm; b) proximal
hypoplasia; c) segmental hypoplasia; d) distal hypoplasia. 1 - deep vein; 2 - GSV; 3 - perforating veins; 4 -
hypoplastic GSV region; 5 - projection of the saphenous fascia; 6 - projection of the muscular fascia.
Table 1. Localization and extension of segmental GSV hypoplasia in varicose veins of the lower limbs.
Localization of segmental GSV hypoplasia Absolute detection frequency (%; 95% CI)
Middle third of the tibia only 10 (12.0; 5.9-21.0)
Middle and upper thirds of the tibia 9 (10,.8; 5.1-19.6)
Middle third of the tibia – lower third of the thigh 7 (8.4; 3.5-16.6)
Middle third of the tibia – middle third of the thigh 14 (16.9; 9.5-26.7)
Middle third of the tibia – upper third of the thigh 1 (1.2; 0.0-6.5)
Upper third of the tibia only 11 (13.3; 6.8-22.5)
Upper third of the tibia and lower third of the thigh 11 (13.3; 6.8-22.5)
Upper third of the tibia - middle third of the thigh 12 (14.5; 7.7-23.9)
Upper third of the tibia - upper third of the thigh 1 (1.2; 0.0-6.5)
Lower third of the thigh only 2 (2.4; 0.3-8.4)
Lower and middle thirds of the thigh 5 (6.0; 2.0-13.5)
Middle third of the thigh only 0 (0.0; 0.0-4.3)
Total 83
In 2 (1.9%; 95% CI 0.2-6.5%) other limbs, hy-
poplasia extended from a certain level of the GSV
up to the terminal valve without involving the area
of the GSV origin: in 1 case, it extended from the
level of the knee bend, while in the other case, it
extended from the junction of the lower and middle
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Figure 2. Schematic presentation of the variants of aplastic GSV segment localization in the presence of
1 aplastic segment (the arrows indicate the direction of blood flow): a) norm; b) proximal aplasia; c)
segmental aplasia; d) distal aplasia. 1 - deep vein; 2 - GSV; 3 - perforating veins; 4 - aplastic region of the
saphenous vein; 5 - projection of the saphenous fascia; 6 - projection of the muscular fascia.
Table 2. Localization and extension of segmental GSV aplasia in varicose veins of the lower limbs.
Localization of segmental GSV aplasia Absolute detection frequency (%; 95% CI)
Middle third of the tibia only 5 (9.4; 3.1-20.7)
Middle and upper thirds of the tibia 3 (5.7; 1.2-15.7)
Middle third of the tibia – lower third of the thigh 7 (13.2; 5.5-25.3)
Middle third of the tibia – middle third of the thigh 9 (17.0; 8.1-29.8)
Middle third of the tibia – upper third of the thigh 0 (0.0; 0.0-6.7)
Upper third of the tibia only 5 (9.4; 3.1-20.7)
Upper third of the tibia and lower third of the thigh 5 (9.4; 3.1-20.7)
Upper third of the tibia - middle third of the thigh 10 (18.9; 9.4-32.0)
Upper third of the tibia - upper third of the thigh 2 (3.8; 0.5-13.0)
Lower third of the thigh only 1 (1.9; 0.0-10.1)
Lower and middle thirds of the thigh 5 (9.4; 3.1-20.7)
Middle third of the thigh only 1 (1.9; 0.0-10.1)
Total 53
thirds of the thigh. Such variant of localization was
defined as proximal hypoplasia (Fig. 1b).
In other 83 (76.8%; 95% CI 67.8-84.4%) cases,
hypoplastic segment of the GSV was found in its
middle part without reaching either the sapheno-
femoral junction or the medial malleolus. This
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Figure 3. Schematic presentation of the variants of hypo-/aplastic GSV segment localization in the
presence of 1 hypo-/aplastic segment (the arrows indicate the direction of blood flow): a) norm; b)
segmental hypo-/aplasia with more distal location of aplasia; c) segmental hypo-/aplasia with more distal
location of hypoplasia; d) distal hypo-/aplasia with more distal location of hypoplasia. 1 - deep vein; 2 -
GSV; 3 - perforating veins; 4 - hypoplastic GSV region; 5 - projection of the saphenous fascia; 6 -
projection of the muscular fascia; 7 - aplastic GSV region.
variant of localization was defined as segmental hy-
poplasia (Fig. 1c). The localization and extension
of such hypoplasia were different (Table 1).
In aplasia of one segment of the GSV trunk
(54 limbs), in contrast to hypoplasia, there was ob-
served no case of its proximal localization (Fig. 2b)
and distal aplasia was found in 1 (1.9%; 95% CI
0.0-9.9%) case (Fig. 2d): the GSV trunk was not
visualized in the lower and middle thirds of the
tibia.
In other 53 (98.1%; 95% CI 90.1-100.0%) limbs,
aplasia was segmental (Fig. 2c). Its extension dif-
fered among the patients (Table 2).
Only in 1 (7.7%; 95% CI 0.2-36.0%) out of 13
limbs with hypoplasia of a certain part of the GSV
segment and aplasia of its other part, there was ob-
served distal hypo-/aplasia when the whole tibial
segment of the vein was hypoplastic and the vein
was not visualized in the lower third of the thigh
(Fig. 3d). In other 12 (92.3%; 95% CI 64.0-99.8%)
cases, hypo-/aplasia was segmental with more prox-
imal location of hypo- or aplasia (Fig. 3b,c). The
following variants of segmental hypo-/aplasia local-
ization and extension were observed (Table 3).
There was no case of hypo- or aplasia of the
entire GSV.
In 1 (14.3%) out of 7 cases of two individual
segments of hypo- and/or aplasia of the GSV sepa-
rated by its healthy or varicose section, only aplasia
was detected. In this patient, the GSV was not vi-
sualized in the middle and upper thirds of the tibia
and the middle third of the thigh. Thus, healthy
or varicose GSV sections were detected between
the aplastic segments, as well as more proximally
and distally to them. Such variant of aplasia was
defined as bi-segmental aplasia (Fig. 4a).
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Table 3. Localization and extension of segmental GSV hypo-/aplasia in varicose veins of the lower limbs.
Localization of segmental GSV hypo-/aplasia
Absolute
detection
frequency
Aplasia in the middle third of the tibia and hypoplasia in its upper third 1
Hypoplasia in the middle third of the tibia and aplasia in its upper third 1
Aplasia in the middle third of the tibia and hypoplasia in its upper third and the lower third of the
thigh
1
Aplasia in the middle and upper thirds of the tibia and hypoplasia in the lower third of the thigh 1
Hypoplasia in the middle third of the tibia and aplasia in its upper third and the lower third of the
thigh
2
Hypoplasia in the middle and upper thirds of the tibia and aplasia in the lower and middle thirds
of the thigh
2
Hypoplasia in the middle third of the tibia and aplasia in its upper third and the lower and middle
thirds of the thigh
1
Aplasia in the upper third of the tibia and hypoplasia in the lower third of the thigh 1
Hypoplasia in the upper third of the tibia and aplasia in the lower third of the thigh 1
Aplasia in the upper third of the tibia and hypoplasia in the lower and middle thirds of the thigh 1
Total 12
Figure 4. Schematic presentation of the variants of hypo- and/or aplastic GSV segment localization in
the presence of 2 hypo- and/or aplastic segment (the arrows indicate the direction of blood flow): a)
bi-segmental aplasia; b) bi-segmental hypoplasia; c) proximal segmental hypoplasia; d) distal segmental
hypoplasia. 1 - deep vein; 2 - GSV; 3 - perforating veins; 4 - hypoplastic GSV region; 5 - projection of the
saphenous fascia; 6 - projection of the muscular fascia; 7 - aplastic GSV region.
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In other 6 (85.7%) cases, both underdeveloped
GSV segments were hypoplastic. In 3 cases, hy-
poplasia, similar to aplasia, was bi-segmental (Fig. 4b)
affecting the following regions of the GSV: 1) the
middle and upper thirds of the tibia and the middle
third of the thigh; 2) the upper third of the tibia
and the middle third of the thigh; 3) the middle and
upper thirds of the tibia and the middle and upper
thirds of the thigh.
In 2 cases, the combination of segmental and
distal hypoplasia (distal segmental hypoplasia) was
observed (Fig. 4d). In one case, the lower third of
the tibial part of the GSV and the middle third of its
femoral part were affected by hypoplasia, while in
the other case, hypoplasia involved the lower and
middle thirds of the tibial part of the GSV and the
middle third of its femoral part.
In 1 case, the combination of segmental and
proximal hypoplasia was observed (proximal seg-
mental hypoplasia) (Fig. 4c). The middle and upper
thirds of the tibial part of the GSV and the upper
third of its femoral part up to the terminal valve
were affected by hypoplasia.
3. Discussion
According to the results of our study, among the
patients with pathological reflux in a certain GSV
segment, hypo- and aplasia of its segments were ob-
served in 32.5% of cases (95% CI 28.6-36.6%). The
data obtained are quite consistent with the findings
of other researchers who detected hypo- and aplasia
of the GSV in 12 – 39.8% of healthy limbs and
25% of limbs with varicose veins [13, 19, 3, 4, 5].
Aplasia of the GSV segments was observed twice as
less frequently than hypoplasia and the difference
in their detection frequencies was statistically sig-
nificant. This suggested that during the ultrasound
examination of the patient with pathological reflux
in the GSV, hypoplasia is more likely to be detected
rather than aplasia.
For a number of the results obtained, we have
not found any relevant data in other research works.
Firstly, we have found that the GSV trunk is not
always affected by hypoplasia or aplasia only. In
2.3% of the cases (95% CI 1.2-3.9%), hypoplasia
of a certain GSV segment evolved to aplasia, or
vice versa. Secondly, we have found that the GSV
trunk may have several hypo- or aplastic regions
separated by its normal or varicose segment – bi-
level hypo- or aplasia. Such variant of dysplasia
was observed in 3.8% of the patients with hypo- or
aplasia (95% CI 1.6-7.8%).
However, in bi-level dysplasia, there was no
case of hypoplasia of one segment and aplasia of
the other one: in 85.7% of the cases (95% CI 42.1-
99.6%), 2 hypoplastic regions were detected and in
14.3% of the cases (95% CI 0.4-57.9%), 2 aplastic
regions were found.
Among the legs examined, there was no case of
hypo- or aplasia of the entire GSV; although, in liter-
ature, there have been reports on such single cases,
sometimes with co-existent Klippel-Trenaunay syn-
drome [20].
We have tried to classify the variants of hypo-
and aplastic GSV segment localization and exten-
sion according to the already known classifications.
According to the classification of GSV aplasia de-
scribed by Seidel A.C. et al. (2012), there are 6
types of GSV aplasia: Type I - aplasia only in the
thigh segment; Type II - aplasia in the tibial seg-
ment; Type III - aplasia in the distal segment of the
thigh and the proximal segment of the tibia; Type
IV - aplasia of the whole tibial segment; Type V
- aplasia of the whole tibial segment and a signifi-
cant part of the thigh segment without involving a
short proximal segment; Type VI - aplasia of the
entire vein without involving a short segment in the
tibia [11, 12]. According to the most common clas-
sification of GSV hypoplasia described by Caggiati
A., Mendoza E. (2004), there are the following
types of GSV hypoplasia: A – normally sized GSV
segments join the suprafascial branch; B – distal
GSV segment drains into the perforating vein; C
– hypoplasia of the tibial part of the GSV; D – hy-
poplasia of the proximal part of the GSV which is
shunted in the anterior accessory GSV [13].
However, both the classifications mentioned
above and other well-known classifications of GVS
hypo- and aplasia [9] turned out not to include all
the variants we detected. We have found no system-
atization of bi-level hypo- and aplasia we detected,
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as well as the consideration of potential transition
of hypoplastic GSV area into aplastic one, or vice
versa. Therefore, to enable characterization of all
the existing GSV hypo- and aplasia localizations,
the following variants have been proposed to distin-
guish: 1) simple: total (along the entire trunk up to
the malleolus), proximal (from the terminal valve
to a certain level, but not to the malleolar level),
segmental (in any GSV or SSV segments without
involving its proximal and distal parts) and distal
(from a certain level of the GSV or SSV trunk, but
not from the terminal valve, to the medial or lateral
malleolus); 2) bi-level: proximal segmental, distal
segmental and bi-segmental (combinations of cor-
responding simple hypo- and aplasia). In addition,
for every dysplastic vein segment, the type of mal-
formation should be indicated, namely hypoplasia,
aplasia, or hypo/aplasia.
There is no need for surgical removal of the
GSV hypoplastic segments. However, they dramat-
ically modify the clinical course of varicose vein
disease by changing the pathways of pathological
refluxes in the superficial venous system. Therefore,
a thorough study of the hypo- and aplastic areas of
the saphenous veins before surgery, including their
mapping, is critical when planning the tactics of
surgical intervention.
4. Conclusions
1. Among the patients with GSV reflux, the in-
cidence rate of hypo- and aplasia of the GSV
trunk was 32.5% (95% CI 28.6-36.6%).
2. In 2.3% of the patients with GSV reflux (95%
CI 1.2-3.9%), hypoplasia of its certain seg-
ment evolved to aplasia, and vice versa.
3. The GSV trunk may have several hypo- or
aplastic regions separated by its normal or
varicose segment – bi-level hypo- or aplasia
that was observed in 3.8% of the patients with
hypo- or aplasia (95% CI 1.6-7.8%).
4. There were systematized the variants of lo-
calization and extensions of GSV hypo- and
aplasia for using differential surgical tactics.
5. Prospects of Further
Researches
Since on every lower limb we examined, in addition
to recording the areas of GSV hypo- and aplasia,
all the pathological venous refluxes were verified
and mapped, we plan to study the relationship be-
tween different variations of pathological refluxes
of the GSV and the variants of its hypo- and aplastic
segment localization and extension. Such study is
extremely important as it allows developing differ-
entiated surgical tactics in different ratios between
dysplastic GSV segment and segments changed by
reflux.
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